Both theoretical and empirical work support the notion that meditation training can improve telomere regulation, which may ultimately contribute to healthy aging. Yet, the psychological and biological mechanisms underlying these changes remain underspecified, as do the contexts and boundary conditions in which these changes occur. Here we summarize studies investigating the effects of various meditation-based interventions on telomere biology, making suggestions for future research. We then propose a model describing how meditation training may impact acute and habitual stress responses as pathways to improved cell aging.
practice: attentional, deconstructive, and constructive [44**] . The attentional family comprises 116 practices used to train the self-regulation of attention. One common practice involves 117 continually directing attention to the unfolding of one's present-moment interoceptive or sensory 118 experience (e.g., sensations of the breath), monitoring this attention, and bringing it back when it 119 inevitably strays. Attention practices are thought to strengthen meta-awareness, the ability to 120 observe and monitor one's internal processes of thinking and feeling [44**,45] . As a result, 121 awareness is brought to bear on aspects of emotional experience that may otherwise go 122 unnoticed, including bodily sensations, thoughts, and environmental stimuli, which may lead to 123 improvements in emotion identification and regulation [46] . Training attention to one's present-124 moment experience has also been shown to reduce elaborative processing of stimuli [47] and to 125 inhibit habitual behavioral responding (e.g., [48] ). These changes may lead to more efficient and 126 flexible uses of attentional resources, promoting more accurate and less catastrophic appraisals 127 of one's present experience, as well as more adaptive behavioral responses to stressful events. 128 The deconstructive family refers to a set of self-inquiry techniques used to foster insight 129 into processes of perception, emotion, and cognition. A common goal of such practices is to 130 deconstruct maladaptive models of the self, others, and the world by interrogating the causes and 131 conditions of one's present experience, and by observing the impermanence of phenomena (see 132 [44**] for an illustration of this using the experience of anger as an example). One cognitive 133 faculty targeted by deconstructive practices is dereification (also known as decentering or 134 cognitive defusion), which occurs when thoughts, feelings, and perceptions are observed as 135 temporary mental phenomena rather than accurate reflections of reality [44**-46] . Together, 136 dereification and meta-awareness may disrupt perseverative cognitions as well as the negative 137 self-concepts and excessive self-referential processing implicated in depression and anxiety 7 [44**,45,49,50] ; they may also facilitate insights and reappraisals that support greater self-139 acceptance. Thoughts and events may also appear less threatening when understood as 140 impermanent phenomena, and the ability to observe unpleasant experiences with greater 141 granularity may similarly lessen their potency. These changes are likely to minimize experiential 142 avoidance [46] , which, in turn, may break the cycle of anticipatory anxiety, heightened 143 reactivity, and prolonged recovery, in favor of more adaptive stress response profiles.
144
Finally, practices in the constructive family are intended to further cultivate 145 psychological well-being by replacing maladaptive self-schemas with adaptive self-concepts 146 [44**], and by developing prosocial qualities, such as kindness, compassion, empathetic joy and 147 equanimity [51] . Psychological processes targeted by these practices include perspective taking, 148 shifts in appraisal, and the generation of positive affect [44**,52] , each of which may influence 149 how acute stressors are perceived and responded to. These practices may be especially useful for Stress Test (TSST) [53] , and interventions involving dyadic meditation practices reduced cortisol 154 reactivity to the TSST compared to attention-focused training [54] . 155 Though each of these families of practice are likely to influence telomere regulation, the 156 boundaries between them are not clear cut. Some practices are likely to target multiple Conclusion 185 We have outlined several potential mechanisms through which meditation training may improve 186 telomere biology via changes to habitual and acute stress processes (Figure 1) . In articulating . Meditation training is expected to alter basal processes that influence acute stress responses, potentially resulting in fewer overall stress reactions. Training may also provide tools to reduce the severity of acute responses when they do occur. Only some of the mechanistic pathways proposed here have been tested. For example, there is evidence for the link between stress appraisals and telomere length [34] and for the ability of meditation training to enhance positive reappraisals (e.g., [59] ), yet no intervention study has simultaneously assessed changes in stress appraisals and telomere biology to test this mediational pathway. With regard to perseverative cognitions, there is evidence that meditation training reduces rumination [60] and mind wandering [61] , and that negative mind wandering is related to shorter telomeres [33] , but no study has tested the association between telomere length and rumination. One small study of prostate cancer patients did, however, find that intervention-related increases in TA were associated with declines in individual's intrusive thoughts about their diagnosis [23] . While this study found that changes in avoidance were not related to increases in TA, another study found that telomere length was inversely related to experiential avoidance [7*]. Intervention-related increases in TA have also been linked to declines in morning cortisol [18] , though no meditation intervention study has assessed acute reactivity in relation to telomere outcomes. Finally, there are multiple biological mechanisms that may result in TL changes, including increases in intracellular TA, alternative lengthening of telomeres, latent virus reactivation, and shifts in cell distributions [62] . These biological mechanisms will need to be considered to map out a more complete model.
